ABSTRACT
INTRODUCTION
Twin-twin transfusion syndrome (TTTS) affects 10-15% of monochorionic, diamniotic twin pregnancies 1 . Fetoscopic laser surgery (FLS) with amnioreduction has become the standard treatment for TTTS 2 . However, the procedure is associated with an increased risk of preterm delivery, with an average gestational age at delivery between 29 and 33 weeks 3 . In addition to the obvious cost of caring for the premature infants, preterm delivery is the single most important factor associated directly with long-term neurological deficit after FLS for TTTS 4, 5 . Factors to explain the earlier gestational age at delivery include: preoperative variables, such as prior preterm delivery and short cervical length 6 ; operative variables, including type of anesthesia, trocar size and amnioinfusion 7 ; and postoperative variables, such as chorioamniotic separation and associated iatrogenic preterm prelabor rupture of membranes (iPPROM) 8, 9 . The three reasons for preterm delivery in any pregnancy are, typically, spontaneous (SPT), medically indicated (IND) or elective (ELC) 10, 11 . A gap in our knowledge exists regarding the natural history and etiology of the increased incidence of preterm delivery after FLS for TTTS. A better understanding of the reasons for preterm delivery could be the first step in the attempt to find strategies that could prolong these pregnancies.
The objective of this study was to determine the etiology of preterm delivery after FLS for TTTS and the associated risk factors.
SUBJECTS AND METHODS
This was a secondary analysis of prospectively collected data of consecutive cases of TTTS that underwent FLS at a single fetal treatment center between September 2011 and December 2014. The study was approved by the University of Texas School of Medicine at Houston Institutional Review Board (IRB: HSC-MS-13-0712). Triplet gestations and cases that resulted in selective reduction for failed laser attempt were excluded. Patients underwent a comprehensive ultrasound examination (Voluson E8, GE Healthcare, Milwaukee, WI, USA) and the stage of the disease was classified 12 . FLS was performed as described previously 7, [13] [14] [15] . Briefly, FLS was performed through a single-port fetoscope under either local anesthesia, in conjunction with intravenous sedation, regional or general anesthesia. The placental vascular equator was identified and a diode laser was used to ablate all vascular anastomoses using a sequential selective method followed by the Solomon technique for dichorionization 16, 17 . Amnioinfusion to improve visualization was performed using Ringer's lactate solution with 1 g/L nafcillin (Sagent Pharmaceuticals, Schaumburg, IL, USA), as needed. All patients returned to their referring physicians for follow-up for the remainder of their pregnancy. Recommended follow-up care included weekly ultrasound examinations with Doppler studies for 6 weeks, followed by ultrasound assessment of fetal growth every 3 weeks and weekly assessments of fetal biophysical profile starting at 32 weeks' gestation. The decision for delivery was based on the referring physician's assessment. ELC delivery was recommended routinely between 36 + 0 and 36 + 6 weeks' gestation after FLS for TTTS in uncomplicated pregnancies. Information about pregnancy outcome was collected prospectively from the patients or their referring physicians and reviewed.
Data for preoperative, operative and postoperative variables were collected. Preoperative variables included maternal characteristics (age, parity, previous preterm delivery, smoking status, body mass index), TTTS stage using the Quintero criteria 12 , cervical length (measured transvaginally), presence of anterior placenta and cerclage placement. Operative variables included gestational age at procedure, type of anesthesia, diameter of outer cannula for trocar entry (10 French vs 12 French), trocar entry method (Seldinger technique 18 vs direct entry with a sharp trocar), trocar time, number of anastomoses ablated, placement of collagen plug and volume of amnioinfusion. Postoperative variables included iPPROM (defined as clinical confirmation of membrane rupture prior to 34 weeks' gestation), gestational age at delivery and live-birth rate. Delivery records were reviewed independently by two authors (A.M. and S.S.) and conflicts were resolved by review of a third author (R.P.). Preterm delivery (< 37 weeks' gestation) was categorized according to etiology into SPT, IND or ELC. SPT delivery was defined as spontaneous painful contractions with serial cervical dilation, with or without additional diagnoses. IND delivery was defined as delivery initiated by the physician due to a medical or obstetrical indication, in the absence of active labor. ELC delivery was defined as delivery without an identifiable medical reason for delivery.
Statistical analysis
Study data were deidentified and entered into a database. Differences between the three groups were calculated using univariate analysis. Categorical variables were analyzed using the chi-square test and Bonferroni corrections were applied for multiple comparisons. Kruskal-Wallis test was used for non-parametric continuous variables and Kaplan-Meier survival analysis was performed to compare procedure-to-delivery interval between groups. One-way ANOVA was performed for continuous variables with normal distribution determined by histogram, kurtosis and skewness. Subsequently, a multinomial logistic regression was performed, using ELC delivery as the baseline. To identify risk factors for preterm delivery from the included variables, we performed a stepwise (forward and backward) logistic regression, with P < 0.1 used as the criterion for inclusion of individual risk factors in the final model. Categorical variables were separated into individual variables: TTTS Quintero stage was divided into four variables (Stages I-IV) and cannula size was divided into two separate variables (10 and 12 French). For multivariate analysis, < 1% of participants had missing data, and thus, no imputation technique for missing data was adopted. Statistical analysis was carried out using STATA v12.1 (StataCorp., College Station, TX, USA).
RESULTS
A total of 216 FLS were performed during the study period. Of these, 10 patients with a triplet gestation and three who had selective reduction for failed laser surgery were excluded. A total of 203 patients were included. Mean maternal age was 28.4 ± 5.8 years, median gravidity was 2 (range, 1-8) and median parity was 1 (range, 0-6). Mean body mass index was 28.9 ± 6.2 kg/m 2 , tobacco use was reported by 21 (10.3%) patients and eight (3.9%) patients had a history of a previous preterm Table 2 . Gestational age at delivery was significantly different among the groups using Kaplan-Meier survival analysis (Figure 1 ; P < 0.0001), with the IND group delivering 1 week later and the ELC group delivering 6 weeks later than the SPT group. On post-hoc analysis, the procedure-to-delivery interval was significantly shorter in the SPT group compared with both IND (P = 0.04) and ELC (P < 0.001) groups, and in the IND group compared with the ELC group (P = 0.001). The rate of iPPROM < 34 weeks' gestation was significantly different between the three groups, with 52.6% occurring in the SPT group, 40.0% in the IND group and 7.3% in the ELC group (P < 0.0001). In the IND group, delivery for fetal indication occurred in 30 (46.2%) cases, for maternal indication in 31 (47.7%) and for both maternal and fetal indications in four (6.2%). Fetal indications were abnormal Doppler studies (absent or reversed end-diastolic flow in the umbilical artery and reversed A-wave in the ductus venosus) in nine (13.9%) cases, abnormal biophysical profile in three (4.6%), selective intrauterine growth restriction in five (7.7%), bradycardia in two (3.1%), oligohydramnios in six (9.2%), fluid discordance in two (3.1%), non-reassuring fetal heart tracing (category II) in four (6.2%) and other indications in six (9.2%). Maternal indications for delivery were pre-eclampsia in 10 (15.4%) cases, placental abruption in 12 (18.5%), chorioamnionitis in four (6.2%) and other indications in five (7.7%). The four cases with both maternal and fetal indications were delivered for deteriorating fetal Doppler indices and worsening pre-eclampsia, poor fetal growth and new-onset vaginal bleeding suggesting placental abruption, non-reassuring fetal status, new-onset vaginal bleeding and cervical dilatation, and poor fetal growth and preterm labor.
The overall chorioamnionitis rate was 6.4%; of these, nine (10%) were in the SPT group and four (6%) were in the IND group, with no case occurring in the ELC group.
Comparison of preoperative and operative variables between the three groups is presented in Table 1 . The only factor that was significantly associated with Data are given as mean ± SD or n (%). GA, gestational age; iPPROM, iatrogenic preterm prelabor rupture of membranes. Gestational age at delivery (weeks) Figure 1 Kaplan-Meier survival curve of gestational age at delivery in patients with spontaneous ( ), indicated ( ) or elective ( ) preterm delivery after fetoscopic laser surgery for twin-twin transfusion syndrome. preterm delivery was preoperative cervical length (P = 0.02). On multinomial logistic regression, using ELC delivery as the baseline, risk factors associated with SPT preterm delivery were iPPROM (relative risk (RR), 16.2 (95% CI, 4.5-57.7)), preoperative cervical length (RR, 0.96 (95% CI, 0.92-0.998)) and number of anastomoses (RR, 1.14 (95% CI, 1.02-1.27)) (Figure 2a ). For IND preterm delivery, risk factors were iPPROM (RR, 9.6 (95% CI, 2.6-35.0)) and number of ablated anastomoses (RR, 1.13 (95% CI, 1.02-1.30)) (Figure 2b ).
DISCUSSION
The main findings of the study were that, of patients who underwent FLS for TTTS and delivered preterm, 48% delivered spontaneously, 32% delivered for medical indications and the remaining 20% delivered electively. Both SPT and IND groups delivered earlier, had a shorter procedure-to-delivery interval and had decreased neonatal survival compared with the ELC group. The main risk factors for SPT and IND preterm delivery were iPPROM and an increased number of ablated placental anastomoses. In addition, a shorter preoperative cervical length increased the risk for SPT preterm delivery. The average gestational age at delivery in the whole study group was 30.9 weeks, which is similar to that reported by other North American centers 8 but earlier than that reported by European centers 19 . This is the first study, to our knowledge, to examine the etiologies of preterm delivery after FLS for TTTS. Our group has described previously the occurrence of SPT preterm delivery < 34 weeks' gestation in a total of 449 patients from three large consecutive cohorts and noted a rate of 53% 20 . In that study, cervical length shortening was the only factor associated with SPT preterm delivery. Robyr et al. 21 also showed that a shorter cervical length increased the rate of SPT preterm delivery after FLS. In the current study, we compared SPT with ELC preterm deliveries using multinomial logistic regression to identify and quantify the effect of different risk factors. iPPROM was associated with a 16-fold increase in the risk of SPT preterm delivery and a 9.6-fold increase in the risk of IND preterm delivery, compared with the baseline level in the ELC group. Both SPT and IND groups were associated with a shorter interval from procedure to delivery. These results are consistent with the shorter latency noted after spontaneous PPROM in singleton gestations 22, 23 . However, spontaneous (PPROM) in monochorionic twin pregnancy without TTTS is associated with a 25-70% rate of chorioamnionitis 23, 24 . These rates are higher than the 16% (13/80) noted in our cohort, of which nine patients were in the SPT group and four were in the IND group, whereas no case occurred in the ELC group. A surprising finding was that an increase in the number of ablated anastomoses was associated with an increased risk for SPT and IND preterm delivery. A possible explanation may be an increase in heat generation as a result of the FLS leading to enhanced placental necrosis and/or placental damage. This may play a role in establishing conditions that trigger SPT preterm labor or create conditions for IND delivery. Further studies are needed to elucidate this finding.
Our study has several strengths. It was conducted in a single, experienced, high-volume center over a short period of time, which reduces the effect of the learning curve for FLS on the outcomes 13, 25 . The data were collected prospectively as an ongoing process, which reduces recollection bias and missing data. A limitation of the study is that the decision for delivery was based on the referring physicians who were located in more than 10 states in the south-central part of the USA and, as a result, the accuracy of the indication for delivery was not always uniform. This, however, reflects the generalizability of the data to other referral fetal centers in the country. Predetermined guidelines for delivery in a prospective study will further improve our understanding of the reasons for delivery. Future research should focus on reducing the occurrence of iPPROM, the management of women with a short cervix and enhancing strategies for placental ablation, all of which may incrementally prolong the pregnancy.
In conclusion, preterm delivery remains a major complication of FLS for TTTS. SPT and IND preterm delivery occur in nearly 80% of patients who undergo FLS and occur earlier in gestation than ELC delivery. The main risk factors for SPT and IND preterm delivery are iPPROM and an increased number of ablated placental anastomoses, and a shorter cervical length increases the risk of SPT preterm delivery.
